Objective To investigate the impact of an increase in blood glucose on the risk of developing myocardial infarction, with particular emphasis on people taking antihypertensive drugs. Design Prospective population based cohort study. Setting Uppsala, Sweden. Participants 1860 men who had participated in 1970-3 at age 50 in a health survey aimed at identifying risk factors for cardiovascular disease and were re-examined at age 60 and then followed for 17.4 years. Main outcome measure Myocardial infarction after age 60. Results The incidence of myocardial infarction was significantly higher in men treated for hypertension than in those without such treatment (23% v 13.5%, P < 0.0001). Participants who developed myocardial infarction after the age of 60 (n=253) showed a significantly larger increase in blood glucose between age 50 and 60 than did those without myocardial infarction. In multivariate Cox proportional hazard models increase in blood glucose was an independent risk factor for myocardial infarction (P=0.0001) in men receiving antihypertensive treatment at age 60 (n=291, mainly blockers and thiazide diuretics) but not in those without such treatment. The impact of increase in blood glucose declined after inclusion of serum proinsulin concentrations at baseline but was still significant. A significant interaction existed between proinsulin concentration (a marker of insulin resistance) at baseline and antihypertensive treatment on increase in blood glucose. Conclusions Increase in blood glucose between the ages of 50 and 60 and baseline proinsulin concentration were important risk factors for myocardial infarction in men receiving antihypertensive treatment, indicating that both an insulin resistant state and the metabolic impact of blockers and diuretics increase the risk of myocardial infarction.
Introduction
During the past decade several studies have shown that a large proportion of patients with hypertension are resistant to insulin stimulated glucose uptake and are hyperinsulinaemic compared with normotensive controls. [1] [2] [3] [4] Treatment with blockers or thiazide diuretics further increases insulin resistance, 5 6 thereby increasing the risk of developing type 2 diabetes mellitus or impaired glucose tolerance. [7] [8] [9] [10] [11] Diabetes mellitus and impaired glucose tolerance are both associated with an increased risk of coronary heart disease, 12 13 but whether these conditions when induced by blockers or thiazides are associated with increased risk of coronary heart disease is unknown. A review of trials in which diuretics were used as antihypertensive treatment concluded that a definite association existed between diuretic treatment and development of impaired glucose tolerance but that this development did not increase the risk of coronary heart disease.
14 Furthermore, Samuelsson et al found that drug related development of diabetes mellitus did not increase the risk of coronary events over a 15 year treatment period in 686 hypertensive men. 15 We investigated the impact of variations in fasting blood glucose, blood pressure, and body mass index between the ages of 50 and 60 on the risk of developing a myocardial infarction after this 10 year period (mean follow up 17.4 years) in a population based sample of men. In the analysis we paid special attention to the men receiving antihypertensive treatment, with the hypothesis that a drug induced increase in fasting blood glucose would increase the risk of myocardial infarction.
Methods
The Uppsala longitudinal study of men is a population based study aimed at identifying risk factors for cardiovascular disease. Between 1970 and 1973 all men born in 1920-4 and resident in the municipality of Uppsala, Sweden, were invited to participate in a health survey, and 2322 (82%) of the 2841 invited men participated. All participants gave informed consent. These investigations have been extensively described.
They drew blood samples in the morning after an overnight fast and analysed blood glucose and serum insulin. In 1980 total cholesterol, high density lipoprotein cholesterol, and triglycerides were analysed in serum that had been frozen since the baseline examinations. The concentration of low density lipoprotein cholesterol was calculated by using Friedewald's formula. The methods have been described elsewhere. 8 In 1995-8 researchers in Cambridge, United Kingdom, analysed the concentrations of intact and 32-33 split proinsulin, by using the two site immunometric assay technique. 17 These analyses were made in all available serum samples (n=1335).
Between 1980 and 1984 the investigators re-examined eligible men (at age 60) who had participated in the first survey-1860/2130 (87.5%) men participated. This examination included anthropometric data, blood pressure, and blood samples. The investigators collected data on admissions to hospital or death from myocardial infarction (ICD-9 code 410) or angina pectoris (ICD 413) from the official cause of death and hospital registers.
We based our study on the 1860 men who participated in both the baseline investigations at age 50 and the re-examination at age 60. We excluded participants who had been admitted to hospital for myocardial infarction before the examination at age 60, as well as those without myocardial infarction but with angina pectoris (according to in-hospital registers) during the follow up period.
We grouped the population into participants receiving and not receiving antihypertensive treatment at age 60. Three hundred and sixteen men had received antihypertensive treatment, of whom 82 had a non-selective blocker, 65 had a selective blocker, 66 had a thiazide diuretic, and 103 received a combination of blocker and thiazide diuretic. Forty one participants had hydralazine added to the treatment. After exclusion of participants with myocardial infarction or angina pectoris before the age of 60, 291 men in the group with antihypertensive treatment and 1358 men in the group without such treatment remained at age 60.
Statistical analysis
We evaluated differences in metabolic characteristics between groups by factorial analysis of variance, and we used stepwise multiple Cox proportional hazard analysis (backward selection) to evaluate the independent power of the risk factors. We used Z transformed standardised variables in the Cox proportional hazard analysis to make hazard ratios comparable. To make hazard ratios comparable between the groups we used a common standard deviation for the two groups for each variable in standardising the variables.
We log transformed non-normally distributed variables (change in glucose, blood glucose, serum insulin, proinsulin, split proinsulin, and serum triglycerides) tested by Shapiro-Wilk's test (w < 0.95) before we analysed them. We calculated the risk associated with a 10% increase in blood glucose as follows: hazard ratio**(log(1.1)/SD); for example, 1.37**(log(1.1)/ 0.16)=1.37**0.596=1.206. We regarded P < 0.05 as significant. Table 1 presents means and standard deviations for metabolic characteristics at age 50 and for changes in fasting blood glucose, blood pressure, and body mass index between age 50 and 60, as well as the effect of these variables on the risk of having a myocardial infarction after age 60.
Results
Participants being treated for hypertension at age 60 showed higher concentrations of indices of the metabolic syndrome, such as serum proinsulin, fasting blood glucose, and serum triglycerides, as well as a larger increase in fasting blood glucose between the ages of 50 and 60 compared with those without such treatment. The mean blood pressure in the treatment group was 153/96 mm Hg at baseline (age 50) and 154/93 mm Hg at age 60. Participants who developed myocardial infarction after the age of 60 (n=253 over the 17.4 year follow up) showed a significantly larger increase in fasting blood glucose than those who did not develop myocardial infarction (0.28 (SD 1.61) mmol/l v − 0.04 (0.94) mmol/l, P=0.001). The incidence of myocardial infarction was significantly higher in men treated for hypertension than in those without treatment-67/291 (23.0%) v 183/1358 (13.5%), P < 0.0001. Table 2 shows hazard ratios for a one standard deviation variation in fasting blood glucose, body mass index, and systolic and diastolic blood pressure between age 50 and age 60, after adjustment for baseline values of these factors. An increase in fasting blood glucose predicted myocardial infarction in the group receiving antihypertensive treatment but not in the group without such treatment. An increase of 10% in fasting blood glucose in the treatment group was associated with a 21.7% higher risk of myocardial infarction after age 60 (data not shown). However, an increase in systolic blood pressure was a significant predictor of future myocardial infarction only in participants without antihypertensive treatment.
We included all variables that were significant predictors of subsequent myocardial infarction in the univariate analysis (table 1) in stepwise multivariate Cox proportional hazard models (table 3) . Analysis excluding and including serum proinsulin at age 50 illustrates the influence of proinsulin on the predictive value of increase in blood glucose.
In the group being treated with antihypertensive drugs at age 60 the ratio of low density lipoprotein to high density lipoprotein cholesterol at age 50 and increase in fasting blood glucose were significant risk factors in the multivariate model. The impact of increase in blood glucose declined after addition of proinsulin to the models, but it was still a significant predictor of future myocardial infarction. In the group not receiving antihypertensive drugs the ratio of low density lipoprotein to high density lipoprotein cholesterol, serum proinsulin at age 50, and increase in systolic blood pressure were independent predictors of subsequent myocardial infarction, but increase in fasting blood glucose was not a risk factor in this group.
We also performed the analysis in only the 977 participants for whom proinsulin concentrations were available. This reduction in sample size did not substantially change the results.
Serum proinsulin at age 50 was significantly correlated with increase in fasting blood glucose in the group with antihypertensive treatment (r=0.32, P < 0.0001). A significant interaction also existed between proinsulin and antihypertensive treatment regarding increase in fasting blood glucose (P=0.0004). The men with the highest proinsulin concentrations at baseline showed the greatest increases in fasting blood glucose concentrations between the ages of 50 and 60, especially in the group receiving antihypertensive treatment during this period (figure). A significant relation (r=0.47, P < 0.0001) existed between the change in fasting blood glucose and the average of fasting blood glucose at age 50 and 60, indicating that no regression towards the mean occurred.
Discussion
Our study shows that an increase in fasting blood glucose between the ages of 50 and 60 and high concentrations of circulating proinsulin are important risk factors for development of acute myocardial infarction after age 60 in men receiving antihypertensive treatment with blockers, thiazide diuretics, or both. In previous prospective cohort studies treatment with blockers or diuretics was associated with increased risk of diabetes, 7 8 10 probably owing to increased insulin resistance during treatment. 5 6 However, in a more recent and larger study risk of diabetes was associated with blockers but not with diuretics. 11 The doses of diuretics in that study were probably lower than in earlier investigations, which might explain why diuretics did not increase the risk of diabetes. 18 The relation of insulin resistance to coronary heart disease has been well established, 19 but the influence of the metabolic changes induced by antihypertensive treatment on the risk of myocardial infarction has been questioned. In contrast to our data, Samuelsson et al found that development of diabetes mellitus related to antihypertensive treatment did not increase the risk of coronary events. However, that study used diabetes mellitus (fasting glucose > 7.0 mmol/l) as a categorical variable, and a categorical grouping based on fasting blood glucose diminishes the statistical capacity of detecting an effect. Furthermore, the confidence interval of the risk associated with drug related diabetes mellitus was wide. An effect of drug related diabetes mellitus on the risk of myocardial infarction should therefore not be excluded on the basis of the data from that study. 15 In our study the incidence of myocardial infarction was significantly higher in the group with antihypertensive treatment than in participants without such treatment at age 60. A Swedish study in which hypertensive men had higher mortality from cardiovascular disease than non-hypertensive men presented similar findings. 20 In our study an increase in fasting blood glucose, a high ratio of low density lipoprotein to high density lipoprotein cholesterol, and high serum proinsulin at baseline were significant risk factors for myocardial infarction after age 60 in the group with antihypertensive treatment. In spite of the treatment, the blood pressure at age 60 was not normalised, but neither baseline blood pressure nor achieved blood pressure at age 60 was related to the incidence of myocardial infarction.
In the multivariate analysis the impact of increase in fasting blood glucose on the risk of myocardial infarction was independent of baseline lipids, fasting insulin and glucose, body mass index, and blood pressure. However, when proinsulin was added to the models the predictive power of increase in fasting blood glucose declined, indicating that insulin resistance at baseline, for which proinsulin may be a marker, 21 22 explains a part of the predictive power of the induced increase in fasting blood glucose in hypertensive patients. However, when the impact of insulin resistance (proinsulin concentration) was taken into account the deleterious effect of the increase in fasting glucose was still significant, indicating that both insulin resistance and the metabolic consequences of the antihypertensive treatment could be deleterious.
We were not able to measure change in insulin resistance and indices of the metabolic syndrome between age 50 and 60, except for measurements of glucose parameters. In this setting changes in fasting glucose reflect change in insulin resistance, and it is possible that several factors of the insulin resistance syndrome were affected accordingly.
Blood glucose may also directly affect the development of arteriosclerosis by impairing endothelial function. It is known that patients with type 2 diabetes mellitus have impaired endothelial function, 23 24 and increased concentrations of blood glucose have been shown to impair endothelial function in healthy people. 25 26 A limitation of our study is that we analysed proinsulin in only 55% of the sample. However, when we restricted the Cox proportional hazard analysis to participants with proinsulin determinations we obtained essentially the same, still significant, results, implying that no bias was introduced by the limited number of observations with proinsulin determinations.
Another limitation of this study is that the sample was restricted to 50 to 60 year old white men. In order to make these observations more generalisable, the findings must be replicated in other populations and in women.
In conclusion, we have shown the existence of an insulin resistant state with elevated proinsulin concen- Mean (plus standard error of the mean) change in blood glucose between age 50 and 60 according to serum proinsulin levels at age 50 in the groups with and without antihypertensive treatment at age 60
What is already known on this topic
Patients with hypertension are resistant to insulin stimulated glucose uptake and are hyperinsulinaemic compared with normotensive controls Treatment with blockers and thiazide diuretics further increases insulin resistance, thereby increasing the risk of developing type 2 diabetes mellitus or impaired glucose tolerance
The influence of metabolic changes induced by antihypertensive treatment on the risk of myocardial infarction has been questioned
What this study adds
Men who received antihypertensive treatment showed a larger increase in blood glucose during a 10 year period than those without such treatment
Increase in blood glucose during antihypertensive treatment was a significant, independent risk factor for myocardial infarction in men with an insulin resistant state at baseline trations resulting in increased fasting blood glucose concentrations during antihypertensive treatment with blockers and thiazide diuretics. Both the insulin resistant state and the induced metabolic disturbance were associated with increased risk of developing myocardial infarction.
